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THE earliest reports of reduction in mammary carcinoma after ovariectomy
N.-ere made in inbred virgin female mice at various ages (Lathrop and Loeb, 1916 -,
Loeb, 1919 ; Cori, 1926, 1927) and in former DBA breeders (Murray, 1928, 1932,
1936). These experiments preceded the discovery of the mammary tumour
agent by Bittner in 1936. On account of the high spontaneous incidence of this
tumour in the mouse strains used at that time and the evidence obtained since
then of infection of DBA mice with the agent, it is probable that all reported
reductions occurrred in infected stocks. Later observations, which have con-
firmed earlier results, have been made with C3H mice known to carry the agent
(Shimkin andWyman, 1945 ; Pilgrim, 1957). It seemedprobable that a reduction
NN-ould be found also in the absence of biologically detectable agent. Mammary
carcinoma was too rare in the Rlllf strain without the agent to judge whether
ovariectomy would prevent it but adenoma incidence was reduced 15-fold
(Pullinger, 1955). Up to and since that time altogether 70 former Rlllf breeders
have been ovariectomised without finding a mammary carcinoma subsequently
but from the data ofPullinger and Iversen (Table 1, 1960) this total is insufficient
to judge whether or not a reduction has been achieved.
The C3Hf substrain bred by Heston and his colleagues has an overall incidence
of 22 per cent of mammary carcinoma. Exhaustive biological tests failed to
reveal the presence of the mammary tumour agent (Heston et al., 1950 Heston
and Deringer, 1952, 1953 ; Heston, Deringer and Dunn, 1956 ; Heston, 1958).
Through the kindness of Dr. W. E. Heston, progeny Of C3Hf/He mice have been
bred in this laboratory for the present experiments. Among 108 breeding
females 28 or 25.9 per cent, developed mammary carcinoma (Pullinger and
Iversen, 1960). No biological evidence of agent was found (Pullinger, 1960).
The fact that after gonadectomy at any age mice of C3H ancestry, in common
-%A'ith that of some other strains, are liable to develop adrena-I cortical hyperplasia
and carcinoma, often with biological evidence of secretion of oestrogen (Smith,
1948) might have made it impossible to test the effect on incidence of mammary
ttimours of lack of oestrogen from known sources unless adrenalectomy had also
been done. The risk that actively secreting adrenal cortical tumours would arise
in these mice after ovariectomy at puberty proved to be small (Pullinger, 1959).
The older the mice when ovariectomised the less this risk is seen to be, though it
is never wholly absent in strains with the tendency.
In the present experiments on 50 former C3Hf breeders a reduction of 7 to 13
fold in mammary carcinoma was observed after lateovariectomy. One mammary
carcinoma arose among 50 ovariectomised mothers. This mouse had also a
microscopic invasive adrenal cortical carcinoma with evidence in the uterus of
oestrogen secretion. One macroscopic non-secreting adrenal tumour occurred.MAMMARY TUMOURS IN MICE AFTER OVARIECTOMY 503
MATERIALS AND METHODS
The origin, tumour rates and management of the C3Hf colony and treatmeiit
of tissues have been recorded (Pullinger and Iversen, 1960). Animals used in the
present experiments were derived from surplus litters of the breeding colony.
Females were mated either with their brothers, in which case their precise ancestry
was known, or they were collected at approximately the same ages in batches of
6 or 7 and mated at random. The experiment required two groups of breeders,
one segregated only, the second segregated and ovariectomised at the same age.
Further experiments, to be recorded later but begun concurrently, included sub-
stitutions of ovarian hormones after ovariectomy. Whole families of line-bred or
batches ofrandomly mated females were allotted in turn to these several groups.
No deliberate selection of mice was made for the various groups apart from the
exclusion of a few mothers that had no more than one or two litters. None of
the latter developed mammary carcinoma. Because no selection was made, the
number offemaleshaving the same number ofpregnancies are notexactly matched
and because breeding was curtailed by segregation or by ovariectomy the most
fertile females, presumably capable ofbearing 9 to 12 litters, were prevented from
having more than 8.
The age chosen for segregation or for ovariectomy determined the actual
number ofpregnancies of individual mice. Originally this was 8 to 9 months in
order that the experiment might start before the first mammary carcinomas were
expected. Some have been reported by Heston et al. (1950) at 9 months of age
but as none had yet been seen in our colony before 12-4 month--, s-lg_-egation and
ovariectomy were eventually postponed to 9 to II months in all but 3 of the
females in Tables I and 11.
TABLE I.-Incidence ofMammary Carcinoma Among Reference and
Ovariectomi,sed Former C3Hf breeder-s with Number of Litter8
Segregated breeders
r
Reference group Intact Ovariectoinised
r r _A
Ntimber Nuinber Number Number Number Number Number
of of with of with of with
litters mothers carcinoma iiiothers carcinoma inothers carcinoma
I 8 1 2 0 0 0
2 13 1 2 0 0
3 9 3 11 1 17 1*
4 16 9 1 14
5 14 2 6 13
6 9 4 3 3 0
7 4 2 2 0
8 8 5 I 0
9 0 0 0
10 5 1 0 0 0
11 2 0 0 0 0
12 3 1 0 0 0
Totals 91 24 36 .5 50 1
Per cent 26- 3 13 8 2
Mouse with adrenal cortical eareinoma.504 B. D. PULLINGER
TABLEII.-Incidence ofMammary Carcinoma in Reference GroUp8and in
OvariectOMi8ed Formet- C3Hf breeder8 with Survival Aye8
Segregated breeders
Intact Ovariectomised
Nuii-iber Number Number Number
of with of with
ii-iothei-s careinoii-ia iiiothers carcinoma
0 0 0 0
0 0 0 0
O 0 0 0
0 0 0
O 0 1
O 0 0
O 0 0
0
0
3 2 0
3 0 4 0
2 1 1 1
2 0 1 0
4 0 5 0
2 1 4 0
1 0 6 0
3 0 8 0
4 0
4 3 0
5 0 3 0
0 0 2 0
0
0
36 50 1
Reference groul)
t'
Survival
age in
months*
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
Totals
.Number
of
motherst
I
0
1
1
1
1
3
3
3
3
3
I?
4
6
i
9
10
4
1 1
4
10
3
1
Nuii-ibei.
with
careinoina
I
0
0
1
1
3
0
9
1
1
3
1
1
2
2
1
2
0
9 1 24
Per ceiit 26 3 13 8 2
Age at death or appearance of niainniary tumour.
From Pullinger and Iversen (1960) less 17 which were segregated.
Bilateral ovariectomy was done by the abdominal route using bromethot
anaesthesia. The mice were allowed to live until natural death or tumours were
found or they were unable to feed. All ovariectomised and segregated mice were
seen daily and palpated weekly. After death many adrenal glands and all that
were enlarged or nodular were examined microscopically as also were tumours of
this and other sites. All 10 nipple regions from samples ofmammaryglands from
both groups were fixed for bulk-staining and for counts of adenomatous nodules.
RESULTS
One mammary carcinoma arose among 50 ovariectomised breeders (Tables 1,
11 and IV). It was a cystic adenoacanthoma in a fourth left nipple region. No
trace ofovarian tissue was found. Both adrenalglands wereslightly enlarged and
nodular. On microscopic examination hyperplasia and widespread infiltration of
both capsules and ofextracapsular fat bylarge, vacuolated type B cells ofWoolley and Little (1945) were found. Evidence of oestrogen secretion, probably from
this latter source, was seen in the uterus, which, at 13 months after ovariectomy,
was hypertrophic. The horns were 2.5 mm. and the common uterus 3-0 mm. in0505 MAMMARY TUMOURS IN MICE AFTER OVARIECTOMY
width. The epithelium was of mucous-secreting type with foci of polymorpho-
nuclear cells. Epithelial cellswere found in mitosis. In all other females at this
age, whether ovariectomised or intact, the remains ofgenital organs were atrophic.
Thenippleregions ofthis mouse werecompletely involuted apart from the presence
of 6 adenomas (included in Table 111). A single female with a mammary carci-
noma among 50 ovariectomised breeders reveals a reduction in incidence in
TA13LEIII.-Incidence of Adenoma in Sample,3 ofReference Gi-oups
and in OvariedOlni8ed Former C3Hf breeder8
Number of Number Average nuniber
breeders with Total of adenoinas per
examined adenoma adenomas i-tiouse affected
Referenee gi-oul) 37 31 544 17
- a'
Segregated only 15 12 233 19 4
Ovariectomised 2.5 11 33 3
- 0
comparison with 24 females with these tumours among 91 normally bred or 5
among 36 that were segregated after breeding. The degree ofthis reduction must
be judged in relation to parity and survival age of the breeders. Instead of
comparing averages, all females that had no more than 8 pregnancies mav be
considered. Out of 81 normally bred mothers from the reference group taken
from Pullinger and Iversen (1960), 20 developed mammary carcinoma and of 36
segregatedthere were 5comparedwith I onlyamongthe 50 ovariectomised(Table1).
The difference in incidence between the reference group and those segregated only
is not statistically significant, ('X2 -1-15). The differences between both
segregated and reference groups and those ovariectomised are significant (X2
25-4) and amount to reductions in incidence of 7 and 13 times.
In comparing survival ages, only those animals which lived to at least one
month after operation or segregation are included in these results. None of 5
that were ovariectomised and died earlierdeveloped mammary carcinoma. There
is no significant difference in survival time between the three groups (Table 11 and
Fig. 1).
Adrenal glands of 28 ovariectomised breeders in addition to the one just
referred to",-ere examined microscopically. Results are summarised in Table IV.
TABLE IV.-Adrenal C'ortical Change-s and Mammary Tumour'3
in Ovariectomised Former C3Hf breeder8
Number with:
Number of r
former Manunarv
Cortical B cells breeders Adenoina cai-cinoii-ia
Present only 17 9 0
4 0
Simple hyperplasia 3 0 0
Invasion of capsule 4 2 1
Gross carcinoma I 0 0
Indicates no observations made.
Type B, potential oestrogen-secreting cells, were present in the cortices of one or
both of 21 pairs ; in 3 pairs they were hyperplastic and in 3 pairs had invaded the
capsules but had left no enduringmorphological evidence in target organs of secre-al,-06 B. D. PULLINGER
tion ofoestrogen. Onegross adrenal carcinoma was found at 32 months ofage and
wasnotassociatedwithsignsofhavingsecreted anoestrogen. Nosvstematicvaginal
cornification tests were done.
All nipple areas of 25 ovariectomised breeders were examined by bulk-staining
and clearing. Selection of these mice was based on the state of preservation of
the cadavers. Thirty-three adenomas (hyperplastic nodules) were found in I I
of these females, a 5-fold reduction compared with intact breeders (Table 111).
In former Rlllf breeders a 15-fold reduction of adenomatous nodules was
observed after late ovariectomy (Pullinger, 1955). Thotigh mammarv carcinoma
IOQ
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ti
L-
(1)
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I--
V)
Ot
a
"N.
.N-
Q--
Z)
V)
TIME (Months)
Fi(.,. I.-Percentage of survivors at ages given in iiionths.
40 The reference group ofPullinger and Iversen (1960) less 17.
x The group of intact segregated former breeders.
0 The groul) of ovariectomised foriiier breeders.
undoubtedly progresses through a stage which, at the present time, is niorpho- logicallyindistinguishable fromadenoma, it is uncertain, in the absence ofBittner's
mammary tumour agent, what are the potentialities of most of these adenomas.
Thirty-six nodules from Rlllf females lacking evidence of agent failed to grom- when grafted subcutaneously or intraperitoneally into young homozygous virgin
or breeding females. These hosts lived for further periods of 10 to 18 months
thus allowing time and a continued normal hormonal environment to favour their
proliferation and change to malignancy. All palpable carcinomas in this strain
had proved to be transplantable in subcutaneous tissues of homozygous females
and males. The conclusion was reached that the potentialities ofthe nodules was
limited (Pullinger, 1954). However when the mammary tumour agent was
present, Browning (1948) grew several small nodules in the anterior chambers
of eyes of homologous hosts. Recently, by regrafting nodules from agent-MAMMARY TUMOURS IN MICE AFTER OVARIECTOMY 507
infecte(I ('3H mice iiito mammary fat pads from which normal pre-existing
mammary epithelium had been excised, De Ome et al. (1959) grew mammarl-
carcinoma from nodule transplants that had failed to grow in subcutaneous tissue.
The potentialities of agent-free nodules now need retesting by grafting into fat
pads bv this technique.
Of tumours of other sites in the 50 ovariectomised breeders there were 6
hepatonias, 6 pulmonary adenomas and I epithelioma of skin in a mouse whicii
had also a subcutaneous sarcoma. Macroscopic lymphoblastoma and reticulum-
celled tumours were found in 4. Polyoma antibody was found in 7 out of I0 of
a sample of the C3Hfcolony.
SUMMARY
A reduction in mammary carcinoma occurred after ovariectomy in a group of
50 former breeding females. This varied from 7 to 13 times in comparison with
2 reference groups, one of which was segregated when the mothers were ovari-
ectomised and the second group was bred normallv. The incidence of adenomas
was reduced 5 times.
The one mammary carcinoma which arose in the group of 50 ovariectomised
breeders was associated with an adrenal cortical carcinoma and evidence in the
uterus ofendogenous oestrogen-secretion.
I am indebted to Dr. S. Iversen for Fig. 1.
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